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the state of the boundary conditions. It is seen from Design Problem 7.1 that 
the advantage of using the energy approach is demonstrated by the absence of 
integration constants. The formula obtained in Design Problem 7.1 follows directly 
from Eq. (7.8) by putting x = 0. It is also well to point out that the dimensional 
check should always be made after the derivation. In the case of Eq. (7.8) it is 
obvious that the product of various individual linear dimensions such as x and L 
must be inches to the third power, which applies to all the deflection problems 
involving concentrated loads. 

The advantage of the double-integration method is evident from the foregoing 
discussion and concerns the generality of the formula given by Eq. (7.8). It will be 
recalled, however, that the general formula can also be obtained using the strain 
energy approach, which will be illustrated by the following example. Consider the 
case of a simple cantilever beam shown in Fig. 7.3. Let W and F represent the real 
and imaginary loading, respectively. Since the displacement here is required at a 
point other than at which the external force is applied, the strain energy is expressed 
in terms of all the real and fictitious quantities. Next the partial differentiation is 
carried out with respect to the fictitious force F, and finally this force is made equal 
to zero. The remaining terms yield the desired deflection formula. For instance, for 
the case illustrated in Fig. 7.3, the bending moment equation must be written for 
the two separate regions a and L — a. It will become obvious during the derivation 
that only the second region need be considered, since in the first interval dM h /dF 
must be zero. 


M h = Wx -f F(x — a) 


dM h 

dF 


= x — a 


(7.9) 

(7.10) 


Hence, substituting Eqs. (7.9) and (7.10) into the general deflection formula, Eq. 
(6.10), and extending the integration over the length L — a gives 


Y = 


f L Wx + F(x-a), 

/ -ST- (x-a)dx 


(7.11) 



Fig. 7.3 Cantilever beam model for deflection at any point. 



